A large body of literature demonstrates the effects of abused substances on memory. These effects differ depending on the drug, the pattern of delivery (acute or chronic), and the drug state at the time of learning or assessment. Substance use disorders involving these drugs are often comorbid with anxiety disorders, such as post-traumatic stress disorder (PTSD). When the cognitive effects of these drugs are considered in the context of the treatment of these disorders, it becomes clear that these drugs may play a deleterious role in the development, maintenance, and treatment of PTSD. In this review, we examine the literature evaluating the cognitive effects of three commonly abused drugs: nicotine, cocaine, and alcohol. These three drugs operate through both common and distinct neurobiological mechanisms and alter learning and memory in multiple ways. We consider how the cognitive and affective effects of these drugs interact with the acquisition, consolidation, and extinction of learned fear, and we discuss the potential impediments that substance abuse creates for the treatment of PTSD.
Introduction
The interaction between stress, substance abuse, and memory is complex and inter-dependent. Stress can modulate the initial rewarding effects of addictive drugs, reinstate drug seeking, and cause relapse to substance use. On the other hand, substance use can alter the biological response to stress (Brady & Sinha, 2005; Cleck & Blendy, 2008; Koob & Le Moal, 2008) , thus changing stress responses in addicted individuals. Humans with substance dependence most commonly identify stress and negative mood states as reasons for relapse and ongoing substance abuse (Brewer, Catalano, Haggerty, Gainey, & Fleming, 1998) , and in drug naive animals, a large range of stressors increase drug self-administration (Piazza, Deminiere, le Moal, & Simon, 1990) . In addition to baseline stress, anxiety disorders, such as post-traumatic stress disorder (PTSD), are also affected by drugs, as evidenced by the high comorbidity between these disorders and drug abuse.
These drug effects are further complicated by the many demonstrations that abused substances have effects on memory. These effects can include promoting or impairing memory, depending on the receptor systems and signaling cascades that the substance affects. In addition, drugs have powerful stimulus properties that can become associated with cues in the environment to produce drugseeking or avoidance (Bardo & Bevins, 2000; Cunningham, Clemans, & Fidler, 2002; Le Foll & Goldberg, 2005) . The same drug can have different effects on memory and reward as a function of dose, exposure duration, or withdrawal state. These effects interact with stress at multiple levels, with stress being both a consequence of drug withdrawal and a trigger for relapse. In a disease like PTSD, which incorporates both abnormal stress responses and memory impairments, the interactions with drugs become even more complex, as both the cognitive and emotional effects must be considered. In this review, we consider some of the effects of abused substances on memory and how these effects interact with stress. We focus in particular on the effects of cocaine, nicotine, and ethanol on fear conditioning and PTSD. These drugs operate through different cellular mechanisms and have both common and unique effects on learning and memory and the pathology of PTSD.
Fear conditioning as a tool to evaluate the interaction between stress and substance abuse
Pavlovian fear conditioning is a widely used procedure for examining the underlying mechanisms of the effects of stress and abused substances on memory. In this form of learning, an animal is exposed to pairings of a neutral conditioned stimulus (CS) such as a light or a tone, with a fear-inducing unconditioned stimulus (US), such as a mild footshock, and eventually exhibits a conditioned fear response to the CS. This response can include freezing, increased startle reflexes, autonomic changes, analgesia, and behavioral response suppression. Due to the rapid formation and longevity of these responses, fear conditioning has become a
